Summary and Conclusions
This report documents results from tests conducted to evaluate the impacts of elevated levels of oxalate on operations within the SRS High-Level Waste System. These operations include sludge washing, evaporation, mixing of supernates and wash waters and pretreatment of supernates to remove strontium and actinides by monosodium titanate. Key findings of this testing include the following:
• the addition of oxalate solids to a suspension of Tank 8F sludge did not enhance the leaching of metals from the sludge, • analytical data proved inconclusive regarding increased leaching of uranium and plutonium from the Tank 8F sludge, • the presence of dissolved oxalate did not exhibit an adverse impact upon the evaporation of wash water solutions initially containing 0.05 M oxalate, • the presence of dissolved oxalate did not increase the deposition of uranium in saltcake produced from the evaporation of wash water solutions initially containing 0.05 M oxalate, • the presence of dissolved oxalate did enhance the precipitation of solids upon mixing wash water solutions with a concentrated salt solution similar to that in evaporator feed tanks, • the presence of dissolved oxalate did not increase the release of elemental mercury during evaporation of wash water solutions containing 0.01 M to 0.04 M oxalate, • the presence of 0.008 M oxalate and other minor solution components did not affect the performance of monosodium titanate to remove strontium and actinides from an alkaline, 5.6 M sodium salt solution and • scoping tests confirmed that uranyl oxalate is not stable upon contact with strongly alkaline salt solutions such as those found throughout the SRS HLW System.
Based on these findings I conclude that the presence of sodium oxalate does not significantly impact uranium and plutonium chemistry within normal operations of the HLW system at the SRS. I recommend that the archived wash water samples be prepared with a lower dilution factor as a means to better quantify plutonium and uranium dissolution across the entire series of wash water contacts with the Tank 8F-sludge material. Alternatively, I recommend that SRTC conduct washing experiments with Tank 7F sludge materials to determine evidence for increased leaching of uranium and plutonium. Of particular interest are the final stages of washing when the supernatant liquids contain similar concentrations of free hydroxide and oxalate. I also recommend that SRTC conduct additional tests investigating the mixing of wash waters with evaporator feed solutions to better understand the extent of solids formation over the range of conditions spanned by the three HLW evaporator systems at the SRS.
Introduction
Sludge from Tank 7F will be processed as part of Sludge Batch 3 in the DWPF. Based on process records, Tank 7F received large quantities of oxalate estimated at approximately 300,000 kilograms. Recent samples from Tank 7F, after slurrying a significant portion of the sludge, showed much less oxalate than expected (ca. 10,000 kilograms). 1 Prior to processing in DWPF, the slurry must be washed to adjust the sodium content and weight percent total solids. In typical sludge slurries, sodium is primarily soluble and easily adjusted by contacting with dilute sodium hydroxide solution and decanting the supernate (i.e., washing). For Tank 7F, sodium adjustment may be complicated by the presence of large quantities of solid sodium oxalate, which exhibits limited solubility in aqueous solutions. The presence of oxalate may also complicate glass processing (melter offgas, glass redox, etc.) and, therefore, should be reduced.
Upon washing of the Tank 7F sludge, solid sodium oxalate will dissolve resulting in supernate liquids near or at saturation with respect to sodium oxalate. Oxalate forms complexes with a wide variety of metallic ions including transition metals (e.g., Fe 3+ and Al
3+
) and actinides (e.g., UO 2 2+ and PuO 2
2+
). Complex formation can increase solubility resulting in increased actinide release to downstream processes involving supernates including evaporation and radionuclide separations. Oxalate can also serve as a reductant to mercuric species producing elemental mercury. Elevated oxalate in the waste solutions could result in increased release of elemental mercury to the overheads upon evaporation. The effects of oxalate on sludge processing and downstream operations are largely unknown. Thus, HLW Engineering requested SRTC to identify if the presence of sodium oxalate in Tank 7F sludge will affect the chemistry associated with actinides and mercury during sludge washing and downstream processing of the wash waters through the SRS HLW System. 2 Technical Task Request HLE-PRE-TTR-0027 specifies SRTC to determine the following six tasks: 1. Determine if increased sodium oxalate levels will increase leaching of actinides from sludge in Sludge Batch 3, 2. Determine if actinides will precipitate upon evaporation of wash water from sludge washing, 3. Determine if increased sodium oxalate levels will increase aluminum and silicon solubilities resulting in increased solids deposition during waste evaporation, 4. Determine if sodium oxalate will reduce mercury to the elemental form, 5. Determine if increased sodium oxalate will decrease performance characteristics of monosodium titanate (MST) for the removal of strontium and actinides, 6. Determine if increased sodium oxalate levels will adversely impact Saltstone wasteform performance.
This document reports experimental details for the first four tasks. Previous testing documented the effect of oxalate and other minor solution components on the performance of MST for the removal of strontium and actinides. I detail these results in Section 4.4 of this report. Task 6 (Saltstone impact) was addressed separately by a letter report.
Experimental work conducted under this task plan compared the affects of sodium oxalate on actinide and mercury chemistry through sludge processing, evaporation and supernate processing with simulated and tank waste materials. Testing compared chemical behavior of the actinides and mercury with simulated and tank waste materials in the presence and absence of sodium oxalate. The information obtained in this testing phase identified if impacts exist with some idea of magnitude, but did not provide detailed information over all waste compositions and processing conditions.
Experimental

Task 1
Ann unwashed sludge slurry sample from Tank 8F (identified as samples FTF-015 and FTF-016) was contacted with inhibited water (0.015 M NaOH and 0.015 M NaNO 2 ) for 2 weeks at ambient temperature to simulate dilution through the entire sludge processing operation. One test set treated the unwashed sludge slurry as received. The second test first added a quantity of solid reagent-grade sodium oxalate to the sludge at a level consistent to that estimated for Tank 7F sludge. The sludge slurries were contacted with four different volume ratios of inhibited water to sludge (1:1, 4:1, 10:1 and 25:1) to cover the dilution range spanned by Extended Sludge Processing planned for Sludge Batch 3.
For these tests between 1.3 to 6.9 grams of the Tank 8F-sample material were transferred into a preweighed 50-mL glass centrifuge tube marked with volume graduations. Based on the quantity of sludge, appropriate quantities of inhibited water followed by solid sodium oxalate were added to the centrifuge tubes. The centrifuge tubes were capped and placed each into a plastic sample holder mounted on an orbital shaker (Cole-Parmer Series 51704). Initially we set the orbital shaker at a rate of 100 rpm. After 1 week, visual inspection indicated that the sludge solids had settled to the bottom of each tube. Each tube was inverted manually to resuspend the solids. The tubes were placed back on the orbital shaker and the shaking rate was increased to 150 rpm. After an additional 3 days, visual inspection indicted that the solids had settled as before. Again each tube was inverted, returned to the shaker and shaken at an increased rate of 200 rpm. After another 24-hours, the solids had settled in all tubes except Tests #3 and #8, which exhibited a cloudy supernatant liquid. Again each tube was inverted, put back on the shaker and shaken at 200 rpm. After 48 hours, the sludge solids in all tubes except Tests #3 and #8 had settled producing a clear supernatant liquid above the solids. For Tests #3 and #8, the supernatant liquid above the solids was cloudy, although the cloudiness was significantly less than that previously observed. Each tube was inverted to resuspend the solids, placed back on the shaker and shook at 200 rpm for an additional 24 hours. This produced a total contact time of 14 days.
After 14 days of contact the mixtures were filtered through a Nalgene  disposable filter equipped with a 0.45-micron nylon filter membrane. Two 50:1 dilutions were prepared from each filtrate of for chemical and radiochemical analyses. The first dilution used a solution of 0.015 molar sodium hydroxide and 0.015 molar sodium nitrite (referred to as inhibited water), whereas the second dilution used a 1.0 molar solution of high purity nitric acid (Fisher Scientific Lot #120110). Approximately 5 mL of the diluted samples were pipetted into a shielded plastic sample bottle and removed from the Shielded Cells. The inhibited water dilutions were submitted to the Analytical Development Section (ADS) for determination of anions using ion chromatography. The nitric acid dilutions were submitted to ADS for elemental analysis by inductively coupled plasma emission spectroscopy (ICP-ES) and actinides by inductively coupled plasma mass spectroscopy (ICP-MS) and alpha counting.
Tasks 2 and 3
These tests featured the evaporation of two simulated waste solutions containing uranium, plutonium, aluminum and silicon with and without 0.1-M oxalate. Table 3. 2.1 provides the composition of the solutions. The solution composition is based on the composition of decant from the second stage of Sludge Batch 3 washing estimated by Elder. 4 This composition represents an intermediate salt solution composition approximating an average of all wash waters generated from preparing Sludge Batch 3. Both solutions were prepared using reagent grade chemicals and a nitric acid solution of weapons-grade plutonium supplied by the Actinide Technology Section of SRTC. Figure  3. 2.1 provides a photograph of the system used for the evaporation tests. The SRTC glass shop fabricated the glassware comprised on a 500 mL round bottom flask with connections for temperature sensor, solution inlet and condenser head, the condenser head with connection for temperature sensor, water-cooled condenser and overheads collector (graduated cylinder). The evaporation test consisted of placing 350 mL of the salt solution (Table 3. 2.1) in the evaporator pot, flowing water to the condenser, energizing the heating mantle to heat the evaporator pot solution to boiling and collecting condensed overheads. After collecting approximately 150 mL of overheads, 150 mL of fresh salt solution were added to the evaporator pot. The evaporation was stopped each day by de-energizing the heating mantle, cooling the evaporator pot to ambient laboratory temperature and shutting off flow of the cooling water to the condenser. The following day the evaporation resumed by energizing the heating mantle to return to boiling conditions and flowing cooling water to the condenser.
each test continued until evaporating between 1500 and 1550 mL of fresh salt solution and collecting between 1230 and 1340 mL of condensed overheads. All of the collected overheads were combined into a single preweighed plastic bottle for each test. At the completion of the evaporation test, the concentrated salt solution remaining in the evaporator pot was cooled to ambient laboratory temperature. Additional white solids formed. The solids from the walls of the flask were loosened and the mixture was poured into a 150-mL Nalgene  filter with 0.2-micron nitrocellulose membrane (Part #138-4020). The solids were air-dried for 48 hours and transferred into preweighed widemouth glass jars. The filtered concentrated salt solutions were collected and stored in preweighed plastic storage bottles.
The densities, metals and actinide contents for the condensed overheads and concentrated salt solutions were determined for each test. ADS determined crystalline phases in the solids by X-ray diffraction (XRD) analysis. ADS also determined metals, actinides and oxalate content of the solids by ICP-ES, ICP-MS, alpha counting methods and ion chromatography following a dissolution in a combination of nitric and hydrofluoric acids.
An additional test determined if mixing wash water with a concentrated salt solution would produce a solid precipitate. For these tests small portions of simulated wash water solutions having the compositions reported in Table 3 .2.1 were added slowly to a more concentrated salt solution consistent with that in an evaporator feed tank. 5 For silicon, the concentration is that measured in the tank sample having the highest aluminum concentration (Tank 32H). The uranium and plutonium concentrations were selected to be near their respective solubility limits. Table 3 .2.3 provides a listing of the conditions we used for the solids formation tests. In addition to performing tests with and without oxalate in the wash water solutions, the volume ratios of evaporator feed solution to wash water were varied. After adding the wash water solution to the evaporator feed solution, the two-phase mixture was allowed to stand undisturbed at ambient laboratory temperature. Periodically the test solutions were inspected for evidence of solids formation. For tests with precipitated solids, the mixture was filtered through a 150-mL Nalgene  filter with 0.2-micron nitrocellulose membrane (Part #138-4020) to separate the solids from the salt solution. The solids were washed briefly three times each with approximately 1 mL of inhibited water followed by air-drying for 48 hours at ambient laboratory temperature. XRD analysis featured the solids isolated from Test #1 (3:1 v/v). Due to the small quantity of precipitated solids, elemental and actinide analyses featured a composite of all solids isolated from Tests # 2 -5. This testing featured a salt solution having the targeted composition provided in Table  3 .3.1. Note that analysis of the salt solution indicated only about one-third of the mercury dissolved in the alkaline salt solution. Figure 3. 3.1 provides a photograph of the experimental apparatus used for this test. Heating and temperature measurement in this test is that previously described in the Tasks 2/3 evaporation tests. No attempt was made to scrub vapors that passed beyond the top of the reflux condenser. The round bottom flask was charged with approximately 250 mL of the Hg-spiked salt solution followed by an appropriate amount of reagent grade solid sodium oxalate to produce an oxalate concentration of 0.0 M, 0.01 M, 0.02 M and 0.04 M assuming all of the sodium oxalate dissolved. After adding the solid sodium oxalate, the heating mantle was energized and the solution heated to boiling. Prior to boiling all of the sodium oxalate dissolved in each of the tests featuring addition of sodium oxalate. Boiling conditions were maintained for 4 hours during each test. After 4 hours, the heating mantle was de-energized and solution allowed cooling to ambient laboratory temperature. The flask was inspected for evidence of elemental mercury. Samples of the solution from each test were submitted to ADS for determination of mercury content by cold vapor atomic absorption spectroscopy.
During the workup of Test #2, 0.29 grams of white solids was collected onto a Nalgene  disposable filter (0.45-micron nylon membrane). The solids were washed with several small portions of deionized, distilled water and air-dried for 48 hours at ambient laboratory temperature. All of the solids from Test #2 were submitted to ADS for XRD analysis. Subsequent tests produced a white film on the wall of the flask in contact with the salt solution. However, there were insufficient solids in these films to isolate and characterize. The white film was easily removed after each test by rinsing the flask with several small portions of 2M nitric acid solution. 
.1 Photograph of Testing Equipment Used for the Mercury Vaporization Testing
Task 5
The experimental method used to evaluate the impact of oxalate on MST performance for strontium and actinide removal from alkaline salt solutions was previously reported in another technical report. 6 This report detailed the effects of solution composition including that of oxalate on MST performance.
Results and Discussion
Task 1
Analysis of the wash waters from contacting the Tank 8F sludge with inhibited water provided an assessment of the impact of a large amount of solid oxalate during washing of sludge slurries. In this test the volume ratio of wash water to sludge slurry volume was varied from 1:1 to 25:1. The blank test, which contained no sludge or sodium oxalate, is not shown in the graph. The nitrite concentration in the blank test sent through the same experimental processing steps as the other tests measured 0.0137 M, which is in good agreement with the asprepared value of 0.0150 M. This result suggests no measurable cross-contamination or dilution errors occurred with respect to the major anions. Appendix 1 provides a complete list of the nitrate, nitrite and oxalate concentrations after contact with Tank 8F sludge for 14 days.
Nitrate and oxalate (w/o added sodium oxalate) concentrations decreased with increasing volume ratio of wash water to sludge. This is the expected trend based on simple dilution. Note that in the tests with added oxalate, the concentration of oxalate increases with increased wash water. I attribute the increase to more of the solid sodium oxalate dissolving as the concentration of the other salts decreases. At a volume ratio of 25:1, the oxalate concentration measured 0.177 M, which is slightly lower than the estimated maximum value of 0.250 M, based on previous testing by J. Pareiz and others. The results indicate that the sodium and aluminum concentrations decreased upon an increase in the wash water to sludge ratio in the absence of added sodium oxalate. Initially the data indicates a similar trend for chromium. At the highest wash water volume ratio, the chromium concentration increased slightly. However, the measured concentration is just above the detection level and may just reflect a greater analytical variance at the higher ratio of wash water to sludge.
I observed similar trends with these three elements in the tests with added sodium oxalate. The higher sodium concentration at the 25:1 volume ratio reflects higher concentration of sodium oxalate resulting from the dissolution of the solid sodium oxalate added in this test compared to the test without added sodium oxalate.
ICP-ES analytical results identified only four other elements, calcium, potassium, molybdenum and strontium, in the 1:1 volume ratio wash water solutions for tests with and without added sodium oxalate. At the higher volume ratios of wash water to sludge, the measured concentrations fell below the detection limits after correcting for dilution and the test blank (see Appendix 2). The measured concentrations of potassium, molybdenum and strontium in the wash waters with added sodium oxalate fell below those measured without added oxalate. For calcium the calcium concentration in the test with added oxalate (2.29 mg/L) was about a factor of two higher than that measured in the same test condition without oxalate (1.54 mg/L). Based on the elemental measurements obtained from ICP-ES I conclude that the presence of added sodium oxalate does not significantly increase the dissolution of metals from the sludge solids upon contact with a range of inhibited water solution volumes.
We measured plutonium and uranium concentrations in the wash water solutions by radiochemical counting and ICP-MS, respectively. In principle, ICP-MS should provide the concentrations for selected plutonium isotopes as well. However, the concentrations of plutonium in the wash water solutions isolated from these tests fell below the minimum detection limits of the ICP-MS instrument. Table 4 .1.1 provides a complete table of the plutonium and uranium concentrations in the wash water solutions obtained from the tests with and without added sodium oxalate. Plutonium measurements for all but one of the test conditions proved below the minimum detection level after correcting for dilution and contamination in the test blank solution. Uranium concentrations also proved low, but above minimum detection limits in all but one test. The low plutonium concentrations in the wash water solutions in all of the test solutions suggest that oxalate does not enhance dissolution of plutonium from the Tank 8F sludge. However, since all but one of the measured plutonium concentrations fell below the detection limit, I cannot conclusively quantify the effect of oxalate on plutonium dissolution with the existing dataset. I recommend that the archived wash water samples be prepared with a lower dilution factor as a means to better quantify plutonium dissolution. The uranium concentrations at the 1:1 and 10:1 volume ratios suggest that oxalate do not enhance uranium dissolution. However, the results at the 4:1 and 25:1 volume ratios exhibit much higher uranium concentrations in the tests with added sodium oxalate. This suggests that oxalate is enhancing uranium dissolution. I speculate that the difference in the uranium concentrations for the 4:1 volume ratio solutions largely reflects the variance associated with the acid-dilution subsamples. I suspect that the uranium measurement at the 25:1 volume ratio may be in error or represents a subsample of the Tank 8F sludge that had a much higher uranium concentration than the other subsamples. With the exception of the 25:1 test with added oxalate, the uranium concentrations in the acid-diluted subsamples are very low and range from about 2 to 10 µg/L. For the 25:1 test, the measured uranium concentration in the acid-diluted subsample measured 42 µg/L. This high value could be the result of sample contamination. I recommend that the archived wash water samples be prepared with a lower dilution factor as a means to better quantify uranium dissolution across the range of wash water contacts. 
Tasks 2/3 Evaporation Tests
Testing featured the evaporation and mixing of salt solutions with and without oxalate to determine effects of oxalate on evaporation characteristics and the possible formation of solids phases. For the evaporation tests we prepared a salt solution spiked with uranium and plutonium, evaporated the solution to produce a quantity of concentrated supernate, saltcake and condensed overheads and characterized these products to determine the mass balance of uranium and plutonium. One evaporation test featured no oxalate, whereas the second test featured a solution containing 0.01-M oxalate in addition to the other salts. Table 3. 2.1 provides a composition of the solutions used for this testing. Test #1 evaporation completed in 28.4 hours over 6 workdays in a nine-day period. We observed an initial haziness to the solution and fine white solids in the evaporator pot during Test #1 after evaporating for almost 5 hours and collecting 300 mL of condensed overheads (evaporator pot charged with a total of 650 mL of feed solution). The quantity of white solids continued to increase with continued evaporation.
After evaporating for about 1 hour during the 4 th day, the hot solution began eructing periodically instead of the usual smooth boiling action. Eventually the eructing sent the pot solution up into the condenser and over to the graduated cylinder that collected the condensed overheads. At this point, we stopped the evaporation, cooled the equipment to room temperature and cleaned the equipment with dilute nitric acid and deionized distilled water. The nitric acid dissolved the thin film of scale that had formed on the walls of the evaporator flask in contact with the feed solution being evaporated.
We returned the feed solution with solids to the evaporator pot and resumed evaporation. Shortly after returning to boiling temperature, the solution eructed again sending solution through the condenser and into the graduated cylinder. At this point we stopped the evaporation test, cooled the equipment to ambient laboratory temperature and removed the concentrated supernatant liquid and solids from the evaporator flask. We replaced the evaporator flask with a new flask and resumed the test the following day achieving another 5.3 hours of evaporation. At this point we terminated Test #1. During the final 5.3 hours, the solution generally boiled smoothly with an occasional small eructation. The small eructions did not send material out of the evaporator flask.
Evaporation Test #2 completed in 25.6 hours over 5 workdays during a six-day period. White solids first formed after 3.75 hours of evaporation and collecting 150 mL of condensed overheads (evaporator pot charged with 500 mL of feed solution). The quantity of white solids increased continuously throughout the test. Boiling continued smoothly throughout the remainder of the test. During the last 3.5 hours of evaporation the solution began to exhibit small eructions and the boiling temperature increased from about 105 to 108 °C. Note however that the eructions were small and never sent solution out of the boiling flask into the condenser. Based on visual and physical characteristics of the two evaporation tests, I conclude that the presence of oxalate does not adversely impact evaporation of alkaline salt solutions.
Test #2 featured a higher concentration factor (8.42) compared to Test #1 (6.55). Also, we isolated considerably more saltcake from Test #2 (13.5 grams) versus that from Test #1 (4.5 grams). The increased weight of saltcake in Test #2 is consistent with the deposition of the sodium oxalate in addition to that of the sodium aluminosilicates. XRD (see Figures 4.2.1 and 4.2.2) and elemental analyses (see Table 4 .2.1) confirmed that the solids from Test #1 are predominantly cancrinite and sodalite and those of Test #2 are predominantly sodium oxalate with smaller amounts of cancrinite and sodalite. Elemental analysis of the Test #1 solids showed that the solids contained principally sodium, aluminum and silicon. Based on the elemental analysis data, I calculate a mole ratio of Na:Al:Si normalized to that of silicon for the Test #1 solids at 1.66:0.98:1.00. The equimolar quantities of aluminum and silicon are consistent with an aluminosilicate solid phase such as cancrinite, which was identified by XRD analysis (see Figure 4. 
2.1).
The mole ratio of sodium to silicon (1.66:1.00) is higher than that calculated (1.33:1.00) for a pure nitrated cancrinite, Na 8 Al 6 Si 6 O 24 (NO 3 ) 2 . 4H 2 O. I attribute the higher sodium content to the presence of other sodium salts (e.g., sodium hydroxide) that are not detected by XRD.
Elemental analysis indicates much higher sodium content in the Test #2 solids compared to that in the Test #1 solids. From the elemental composition I calculate a mole ratio of Na:Al:Si normalized to that of silicon for the Test #2 solids at 10.0:1.07:1.00. The Al:Si mole ratio of close to 1:1 is consistent with these elements present as a cancrinite phase, which was identified by XRD analysis. We attribute the much higher mole ratio of sodium to aluminum and/or silicon to the presence of other sodium salts, principally sodium oxalate. This is consistent with XRD analysis, which indicated sodium oxalate as the principle crystalline phase in the Test #2 solids (see Table 4 .2.2 provides the measured concentrations of uranium and plutonium in subsamples of the evaporator feed, condensed overheads, the concentrated supernate solutions as well as the solids isolated from the evaporator experiments. The concentrations of uranium and plutonium in the condensed overheads are much higher than expected. I believe that the majority of the uranium and plutonium measured in the condensed overheads resulted from the residual materials deposited on the glassware when eructions sent a portion of the evaporator pot solution into the condenser and condensate collection flask during Test #1. Although the glassware was cleaned after these events, residual materials could have remained and rinsed out of the glassware and collected in the condensed overheads collection flask upon resumption of the testing. Some carryover of uranium and plutonium is possible due to the short vapor path length and lack of a demister in the testing equipment. Overall, the quantities of uranium and plutonium in these overheads are small measuring 1.7 and 3.6 wt % of the uranium and 1. 4 The measured quantities of uranium and plutonium in the solids isolated from the two evaporation tests are very low and do not present a criticality safety concern. The measured uranium and plutonium concentrations in the solids resulting from the feed solution with oxalate (0.05 M) are below that measured for the solids without added oxalate. The total quantities of uranium deposited in Tests #1 and #2 are 981 µg and 859 µg, respectively. Even though Test #2 experienced a greater concentration factor, less total uranium deposited into the solids in this test compared to Test #1. Thus, I conclude that the presence of oxalate does not enhance the precipitation of uranium during evaporation.
Due to the uncertainty in the effective quantity of plutonium fed to each of the evaporation tests (see Table 4 .2.1), I cannot conclude whether oxalate has an impact on the precipitation of plutonium during evaporation. Note that in these tests the uranium concentration was about 75 times that of the plutonium. In solubility tests with both uranium and plutonium present, the concentration of uranium measured on average 112 times that of the plutonium. 14 Wilmarth reported analytical results for supernate samples taken from a variety of SRS waste tanks, which indicate that, the average uranium concentration ranged from 114 to 908 times that of plutonium. 15 Given the low concentration of plutonium in the saltcake solids measured in these tests and the low solubility of plutonium in SRS waste solutions, I conclude that the impact, if any, of oxalate on the accumulation of plutonium during evaporation will be minor and not present a significant concentrating mechanism for plutonium.
Solids Formation Tests
For solids formation tests, we mixed two different salt solutions and inspected for solids formation. The two solutions included a dilute solution representing wash waters with and without sodium oxalate and a concentrated solution representing the supernatant liquid present in SRS HLW evaporator feed tanks. Tables 3.2.1 and 3.2.2 provide the compositions of the dilute salt solution and evaporator feed solution, respectively. Table 4. 2.3 provides a summary table of the testing results. We varied the volume ratio of the evaporator feed to wash water solutions from 3:1 to 20:1. We observed solids formation in all of the tests with wash water solutions containing dissolved sodium oxalate. From Test #1, we isolated 0.134 grams of solids or 3.35 g solids/L of combined solutions. XRD analysis of the air-dried solids revealed that the predominant crystalline phase is a zeolite (sodium aluminosilicate) with smaller amounts of sodium oxalate, sodium nitrate, sodium carbonate and sodium nitrite. Calculations indicate that the concentrations of aluminum, silicon and oxalate exceed the expected solubilities upon combining the two solutions. Thus, the identification of aluminosilicate and sodium oxalate phases is not unexpected.
Solids precipitated in Tests #2 -#5 were isolated as a single composited material and analyzed by ICP-ES and ICP-MS. Table 4. 2.4 provides a summary of these results. Analysis indicates that the solids are principally comprised of sodium, aluminum and silicon with very small concentrations of uranium (26.0 µg/g) and plutonium (71.0 µg/g).
Note that the sodium concentration in these solids is much higher than those isolated from the Evaporation Test #1 and identified as predominantly the sodium aluminosilicate material, cancrinite (see Section 4.2 -Evaporation Tests). The solids also exhibit a higher aluminum to silicon weight ratio (2.12) than that measured for that measured for the solids isolated from Evaporation Test #1 (0.94) and for sodium aluminosilicate solids produced from SRS waste evaporation studies (1.0). 16 These results suggest that the composited solids are predominantly sodium salts (e.g., sodium oxalate) other than sodium aluminosilicate as identified by XRD analysis in the Test #1 solids. Analysis of the precipitated solids did confirm the presence of small amounts of uranium and plutonium. The concentration of the uranium and plutonium in the solids does not represent a criticality safety concern. The weight ratios of sodium to that of the uranium and plutonium measured 11,400 and 4170, respectively. The weight ratios of aluminum to uranium and plutonium measured 349 and 128, respectively. Note that the concentration of plutonium in these solids is about a factor of three higher than that of uranium. This is in contrast to the two solutions that were mixed together. The plutonium to uranium ratio measured 0.0676 in the evaporator feed solution and 0.000929 in the wash water solution with dissolved sodium oxalate. I attribute the increased removal of plutonium relative to uranium to a greater impact of the change of the solution composition on plutonium solubility and perhaps to the sorption and/or coprecipitation of plutonium with the bulk precipitated solids. Washing of sludge from Tank 7F containing solid oxalate salts should provide elevated levels of oxalate in feed solution sent to high-level waste evaporators. Based on standard electrochemical reduction potentials, oxalate may serve as reductant to mercuric ion resulting in the formation of elemental mercury. Thus, elevated oxalate levels in evaporator feed solutions may produce increased elemental mercury upon evaporation resulting in the release of more mercury to the evaporator overheads.
Task 4 testing determined if oxalate increased the reduction of mercuric species in alkaline solution at boiling conditions as evidenced by visual observation of elemental mercury and loss of mercury from the liquid phase. This testing featured a dilute salt solution containing 86.2 mg/L mercury added as mercuric nitrate, which was refluxed for 4 hours in the absence and presence of varying amounts of sodium oxalate (0, 0.01, 0.02, and 0.04 M). After 4 hours of refluxing, and the salt solution was cooled to ambient laboratory temperature (ca. 20 °C) and sample for determination of mercury content.
Throughout the reflux period and after cooling the salt solution to ambient laboratory temperature I observed no evidence of elemental mercury formed in any of the tests. Table 4 .3.1 provides a listing of the measured mercury concentrations for the as-prepared salt solution and samples of the solutions from each of the reflux tests with varying amounts of added sodium oxalate. Mercury levels changed in the solution refluxed without added oxalate, but did not change in the solutions with added sodium oxalate. Thus, I conclude that elevated levels of oxalate do not appear to serve as a reductant for alkaline mercuric species resulting in increased release of elemental mercury during evaporation of alkaline salt solutions. 
Task 5
Testing conducted during FY2000 evaluated the effect of solution composition on the performance of MST to remove strontium and actinides from alkaline salt solutions. 6 Solution components evaluated in the these tests include hydroxide, nitrate, nitrite, aluminate, carbonate, and sulfate and minor components which included oxalate, phosphate, fluoride, chloride, silicate, molybdate, potassium and cesium. This testing featured an oxalate level of 0.008 M with a fixed ionic strength of 6.13 M (5.6 M Na + concentration). The planned solution concentration for the Sr/Actinide separation stage in both the Salt Waste Processing Facility (SWPF) and the Actinide Removal Project (ARP) facility is 5.6 M in sodium.
Solubility testing indicates that the solubility of sodium oxalate at this sodium concentration is <0.01 M. 17 Thus, this testing featured a sodium oxalate concentration near the a bounding oxalate concentration for processing waste in the SWPF and ARP. Testing results 6 indicated that the presence of oxalate and the other minor components did not exhibit a statistically significant impact on the performance of MST to remove strontium, plutonium, neptunium and uranium. Thus I conclude that oxalate will not adversely impact the performance of MST to remove strontium and actinides from SRS HLW solutions in the SWPF and ARP facility.
Scoping Tests
Uranium and plutonium form a number of oxalate complexes. 18 Precipitation of plutonium and uranium oxalates has been used to separate and purify these actinides in fuel reprocessing flowsheets. 19 In one instance a criticality accident occurred at the Mayak site from the inadvertent accumulation of enriched uranium due to precipitation of uranyl oxalate under acidic conditions. 20 Thus, oxalate may serve to concentrate uranium in alkaline waste solutions by forming insoluble uranyl oxalate precipitates. A literature review of uranyl oxalate chemistry provided few references dealing with uranyl oxalates under strongly alkaline conditions that exist in the SRS HLW system. Russian literature reported the following stability order for ligands complexing to the uranyl ion, UO 2
2+
:
. 21 Furthermore, the Russian work reported that uranyl oxalates react in strong base to produce sodium uranates.
I confirmed the Russian testing by studying the behavior of solutions of uranyl nitrate upon addition of sodium hydroxide and oxalic acid or sodium oxalate. Additions of concentrated sodium hydroxide solution to uranyl nitrate solutions containing either oxalic acid or sodium oxalate produced yellow-orange precipitates consistent with that reported for sodium diuranate. I observed no evidence for the formation of a pale yellow precipitate reported for uranyl oxalate.
I successfully prepared crystalline solids of uranyl oxalate hydrate by adding an excess of oxalic acid to a concentrated solution of uranyl nitrate in dilute nitric acid. When I added the uranyl oxalate solids to a concentrated alkaline salt solution typical of HLW tank supernates, the pale yellow solids rapidly changed to a yellow-orange color typical of sodium diuranate (see Figure 4 .5.1b). I isolated the yellow-orange solids from the salt solution, briefly rinsed with deionized distilled water to remove interstitial salt solution and air-dried the solids. XRD analysis of these solids revealed no evidence for diffraction peaks assigned to that of the original uranyl oxalate solids. The measured diffraction peaks were broad and located at 2θ positions consistent with those reported for sodium diuranate. This confirms that the uranyl oxalate solids had rapidly converted to a poorly crystalline sodium diuranate solid phase. Thus I conclude that formation of uranyl oxalate solids will not occur upon the addition of oxalate to alkaline solutions of uranium. 
Summary and Conclusions
This report documents results from tests conducted to evaluate the impacts, if any, of elevated levels of oxalate on operations within the SRS High-Level Waste System. These operations include sludge washing, evaporation, mixing of supernates and wash waters and pretreatment of supernates to remove strontium and actinides by monosodium titanate. Key findings of this testing include the following:
• oxalate appears to have little effect on the leaching of metals and actinides from sludges, • the presence of dissolved oxalate did not exhibit an adverse impact upon the evaporation of wash water solutions, • the presence of oxalate did not increase the deposition of uranium in saltcake produced from the evaporation of wash water solutions initially containing 0.05 M oxalate, • the presence of dissolved oxalate did enhance the precipitation of solids upon mixing wash water solutions with a concentrated salt solution similar to that in evaporator feed tanks, • the presence of between 0.01 and 0.04 M oxalate did not increase the release of elemental mercury during evaporation of alkaline salt solutions, • the presence of 0.008 M oxalate and other minor solution components did not affect the performance of monosodium titanate to remove strontium and actinides from an alkaline, 5.6 M sodium salt solution and • scoping tests confirmed that uranyl oxalate is not stable upon contact with strongly alkaline salt solutions such as those found throughout the SRS HLW System.
Quality Assurance
Test results reported in this document followed the quality assurance requirements specified in the Task Technical and QA Plan for 10 no DTH8-2 1.04E+01 < 1.90E+00 < 1.24E+02 < 2.55E+00 < 1.02E+02 < 7.60E-01 < 1.09E+01 10 no DTH8-9 1.07E+01 < 1.90E+00 < 1.24E+02 < 1.33E-02 < 1.02E+02 < 3.96E-03 < 1.09E+01 10 no DTH8-13 2.77E+01 < 1.90E+00 < 1.24E+02 < 1.09E-03 < 4.37E-02 < 3.25E-04 < 1.09E+01 10 yes DTH8-4 1.05E+01 < 1.90E+00 < 1.24E+02 < 2.55E+00 < 1.02E+02 < 7.60E-01 < 1.09E+01
10 yes DTH8-6 1.04E+01 < 1.90E+00 < 1.24E+02 < 2.55E+00 < 1.02E+02 < 7.60E-01 < 1.09E+01 
